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SECTION  I 
INTRODUCTION 

This  report  covers  the  period  from  25  October  1977  to 
September  31,  1978.  During  this  period,  the  three  techniques 
of  Electron  Spectroscopy  for  Chemical  Analysis  (ESCA),  Auger 
Electron  Spectroscopy  (AES),  and  Secondary  Ion  Mass  Spectros- 
copy (SIMS)  were  employed  to  characterize  lithium  anodes  prior 
to  their  use  in  thionyl  chloride  (S0C12)  batteries.  Sub- 
sequently, several  lithium  samples  were  exposed  to  S0C12 
and  then  examined  using  both  the  Scanning  Electron  Microscope 
(SEM)  and  AES.  Additional  work  was  performed  to  help  charac- 
terize black  spots  which  formed  on  several  lithium  samples 
exposed  to  nitrogen  environments. 

A helium  dry  box  was  obtained  from  the  Aero  Propulsion 
Laboratory  for  use  in  sample  preparation.  Several  modifications 
were  made  to  the  box  in  an  effort  to  improve  its  operation  and 
insure  sample  integrity  during  long  term  lithium  storage.  Two 
pieces  of  equipment  were  also  constructed  for  use  during  later 
phases  of  the  current  program.  A four  cylinder  gas  manifold 
was  designed  to  allow  selective  exposure  of  clean  lithium  sur- 
faces to  nitrogert,  oxygen,  carbon  dioxide  and  water  vapor  while 
in  the  AES  and  ESCA  vacuum  chambers.  A high  vacuum  sample 
chamber  was  also  designed  to  allow  transfer  of  lithium  samples 
from  the  dry  box  to  the  various  analysis  systems.  This  chamber 
will  later  be  used  to  transfer  anode  samples  from  GTE  Sylvania 
laboratories  in  Waltham,  Massachusetts. 
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SECTION  II 


INITIAL  CHARACTERIZATION  OF  LITHIUM  METAL 

A supply  of  lithium  was  obtained  from  the  Aero  Propul- 
sion Laboratory.  The  lithium  metal  was  received  stored  in 
mineral  oil.  Since  the  techniques  used  are  very  surface- 
sensitive,  attempts  were  made  to  remove  residual  mineral  oil 
on  the  samples  before  analyzing. 

Figure  1 shows  a survey  scan  of  the  lithium  metal  taken 
with  ESCA.  This  sample  was  wiped  several  times  with  a methanol 
soaked  Kimwipe  prior  to  analysis.  The  high  levels  of  sulfur 
and  carbon  indicate  an  appreciable  amount  of  oil  still  remained 
on  the  surface.  Figure  2 is  a high  resolution  scan  of  the 
kinetic  energy  region  from  1144  eV  to  1169  eV.  The  photopeak 
at  1151.7  eV  kinetic  energy  can  be  attributed  to  Li  Is  photo- 
electrons excited  by  the  Mg  Ka  radiation  from  the  anode.  Unfor- 
tunately, a photoline  at  1155. 9 eV  can  be  noted,  which  is  due 
carbon  Is  photoelectron  excitation  by  A1  Ka  radiation.  It  is 
thought  that  the  A1  radiation  noted  was  attributable  to  excita- 
tion in  the  A1  window.  In  all  future  ESCA  studies  Be  windows 
will  be  used.  However,  the  measured  Li  Is  binding  energy  of 
55.9  eV  is  in  agreement  with  literature  values.* 

Figures  3 and  4 are  AES  spectra  of  lithiuim  metal  before  and 

after  argon  ion-etching.  This  specimen  was  also  cleaned  with 

methanol  before  analyzing.  The  ion-etching  was  carried  out 

within  the  AES  vacuum  chamber  which  had  a base  pressure  of 
—10  —8 

5 x 10  Torr  (7  x 10  Pa).  While  etching,  the  chamber  was 

-5  -3 

backfilled  with  argon  to  a pressure  of  5 x 10  Torr  (7  x 10  Pa 

Figure  3 shows  that  carbon  was  the  only  element  detected 
with  AES  prior  to  etching.  The  spectrum  given  in  Figure  4 
(taken  after  2 hours  of  ion-etching)  shows  that  in  addition 
to  carbon,  the  elements  lithium,  oxygen,  and  sulfur  were  also 
detected.  The  level  of  carbon  was  still,  however,  quite  high. 


1.  K.  Siegbahn  et.  al. , ESCA  Atomic,  Molecular  and  Solid  State 
Structure  Studies  by  Means  of  Electron  Spectroscopy,  Almquist 
and  Wiksells,  Uppsala  (1967). 


This  indicates  that  there  was  probably  oil  present  in  pores  in 
the  lithium  surface  which  was  not  removed  by  ion-etching. 

\ Next,  a piece  of  lithium  was  scraped  with  a razor  blade 

v 

under  hexane  in  order  to  expose  some  of  the  bulk  material. 

This  surface  was  then  cleaned  with  methanol  and  the  sample 
inserted  into  the  vacuum  chamber.  Figure  5 shows  the  AES  spec- 
truA  of  this  sample.  Note  that  the  carbon  level  was  substan- 
tially reduced  compared  to  Figure  4.  This  sample  did  have  a 
visible  white  film  on  the  cleaned  surface,  which  was  probably 
lithiuii^  hydroxide  and/or  lithium  oxide. 

In  a further  attempt  to  produce  a "clean"  lithium  sur- 
face, th«?  following  experiment  was  devised:  (1)  a piece  of 

t 

lithium  was  cleaned  in  hexane  to  remove  the  mineral  oil,  (2) 
it  was  placed,  while  still  under  hexane,  into  a glove  bag 
filled  with  N2  attached  to  the  AES  vacuum  chamber,  and  (3)  it 
was  scraped  to  expose  bulk  material  and  inserted  into  the  system 
without  exposure  to  the  atmosphere.  Figures  6 and  7 show  the 
AES  spectra  of  this  sample  before  and  after  ion-etching.  Note 
that  it  was  possible  to  remove  most  of  the  surface  oxygen  by 
ion-etching  for  30  minutes.  Also  note  that  the  kinetic  energy 
of  the  lithium  Auger  peak  is  different  in  these  two  scans,  indica- 
ting that  lithium  existed  as  an  oxide  (or  hydroxide)  on  the  surface 
and  free  lithium  metal  was  exposed  during  ion-etching. 

Figures  8 and  9 are  positive  and  negative  SIMS  spectra 
of  lithium  metal  cleaned  in  hexane  and  methanol  prior  to  analy- 
sis. The  positive  SIMS  spectrum  showed  that  potassium,  calcium, 
and  aluminum  impurities  were  present  in  the  lithium.  The  level 
at  which  these  impurities  were  present  could  be  estimated  if 
standards  with  known  impurity  levels  were  available.  The  nega- 
tive SIMS  spectrum  (Figure  9)  showed  large  oxide  and  hydroxyl 
peaks. 

These  initial  experiments  indicated  some  difficulty  in 
sample  preparation  of  an  active  lithium  metal  surface.  It 
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Figure  6.  AES  Spectrum  of  Li  Metal  Freshly  Cut  Under  Hexane 
in  an  N?  Glove  Bag  - Before  Ion  Etching. 


Figure  9.  Negative  SIMS  Spectrum  of  Li  Metal  Freshly 


b 

I 

seemed  imperative  from  these  studies  that  fresh  lithium  metal 
must  be  prepared  in  an  inert  atmosphere  and  mounted  in  a sample 
insertion  vacuum  interlock  to  insure  minimum  surface  contamination. 
Such  an  insertion  system  does  not,  at  present,  exist  on  any  of  the 
surface  instrumentation  available  at  the  University. 


SECTION  III 


VACUUM  INTERLOCK  SYSTEM 

Initial  contract  specifications  called  for  preparation 
of  samples  at  Wright-Patterson  Air  Force  Base  with  subsequent 
analyses  to  be  performed  at  the  University  campus.  The  work 
statement  was  later  modified  to  provide  for  partial  sample 
preparation  at  the  University  with  supplemental  samples  supplied 
by  GTE  Sylvania  Laboratories  Waltham,  Massachusetts.  The  con- 
tract changes  further  indicated  the  need  for  a vacuum  transfer 
chamber.  Such  a system  was  thus  designed  and  is  now  nearing 
completion.  The  system  was  sized  to  fit  within  a standard  dry 
box.  The  chamber  is  capable  of  withstanding  gas  pressures  >1 
atmosphere;  however,  it  is  also  leak  tight  and  compatible  with 
the  ultra-high  vacuum  systems  of  the  ESC A and  AES  spectrometers. 
This  system  will  be  extremely  important  in  insuring  the  integrity 
of  lithium  anode  samples  exposed  to  S0C12. 

Samples  which  have  been  immersed  in  S0C12  liquid  would 
likely  adsorb  and/or  absorb  S0C12  gas  molecules.  The  major- 
ity of  these  gas  molecules  would  be  liberated  when  the  samples 
are  submitted  into  the  surface  analyzers.  One  of  the  major 
residual  gas  components  in  the  ESC A/AES  stainless  steel  chamber 
is  water.  Thionyl  chloride  reacts  with  water  vapor  producing 
HC1  which  is  knowrt  to  react  with  stainless  steel.  A cold  trap 
was  thus  constructed  for  use  in  condensing  the  S0C12  vapors, 
thus,  protecting  the  expensive  ESCA/AES  instrumentation. 
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SECTION  IV 


REVISION  OF  THE  TEST  PLAN  AND  MODIFICATION  OF 
THE  HELIUM  DRY  BOX 

Due  to  personnel  changes  at  the  Air  Force  Aero  Propulsion 
Laboratory  (AFAPL)  it  became  apparent  that  adequate  technical 
support  would  not  be  available  for  preparation  of  lithium  sam- 
ples. This  was  aggravated  by  a limited  access  to  the  AFAPL 
Laboratories.  University  employees  and  their  students  working 
at  Wright-Patterson  Air  Force  Base  were  limited  to  daytime 
hours,  five  days  per  week.  Therefore,  it  was  necessary  to 
transfer  routine  Li  sample  preparation  to  the  University  of 
Dayton  campus.  In  order  to  facilitate  this  change  a Fisher 
Scientific  Isolator/Lab  Dry  Box  was  transferred  from  the  AFAPL 
to  the  University  for  use  in  exposure  of  Li  samples  to  SOC^. 

At  the  time  of  transfer,  the  dry  box  was  operating  at  minimal 
efficiency.  There  were  also  several  inherent  potential  safety 
hazards  due  to  the  design  of  the  gas  purification  train.  Exten- 
sive modifications  were  made  to  the  system  in  order  to  correct 
the  problem  areas. 

Initially,  the  dry  box  consumed  more  than  two  tanks  of 
helium  gas  per  week.  In  addition,  the  molecular  sieve  (gas 
drying)  recirculation  system  required  daily  regeneration.  As  a 
result,  projected  maintenance  costs  would  have  far  exceeded  the 
proposed  two  year  budget.  The  following  modifications  were 
made  to  correct  these  deficiencies.  First,  all  rubber  gas 
supply  lines  were  replaced  by  copper  tubing.  This  along  with 
replacement  of  a faulty  gas  pressure  regulator  made  a signifi- 
cant improvement.  Second,  a crack  was  found  in  the  case  of  the 
gas  recirculation  pump.  Checking  with  the  manufacturer,  the 
pump  contained  no  shaft  seals  making  it  a poor  choice  for  a 
helium  system.  The  helium  leaked  out  via  the  cracked  pump 
housing  and  quantities  of  air  were  ingested  around  the  shaft. 
Replacement  of  the  old  pump  with  a new  rubber  diaphragm  pump 


The  vacuum  access  chamber  would  not  hold  a reasonable  vacuum 
making  it  impossible  to  insert  samples  to  the  dry  box  without 
introducing  atmospheric  moisture  and  oxygen.  Three  steps  were 
taken  to  correct  the  problem.  A new  outer  door  was  constructed 
to  replace  the  old  rubber  gasketed  assembly.  An  O-ring  was 
incorporated  into  the  new  door  to  assure  proper  sealing.  A 
second  vacuum  pump  was  also  installed  expressly  for  use  in  pum- 
ping down  the  access  chamber.  Third,  the  plumbing  was  altered 
to  make  pumping  of  the  chamber  more  efficient.  These  modifica- 
tions proved  successful  in  making  the  access  chamber  vacuum 
tight. 

The  vacuum  pump  used  to  pump  both  the  main  chamber  and  the 
molecular  sieves  were  found  to  be  defective.  Disassembly  re- 
vealed extensive  corrosion  due  to  ingestion  of  S0C12  vapors. 

The  problem  was  traced  to  the  lack  of  a suitable  SOCI2  neu- 
tralization trap  between  the  molecular  sieves  and  the  pump.  A 
replacement  pump  was  obtained  from  the  AFML  and  the  vacuum  lines 
connecting  the  molecular  sieves  to  the  pumps  were  rerouted  through 
existing  traps  of  liquid  nitrogen  and  CaO. 

The  CaO  and  liquid  nitrogen  traps  proved  ineffective  in 
removing  and/or  neutralizing  S0C12.  The  CaO  was  incapable 
of  completely  neutralizing  the  S0C12.  As  a result,  chlorine 
gas  was  detected  within  the  laboratory.  The  liquid  nitrogen, 
while  effective  in  removing  S0C12,  also  had  two  serious  dra- 
backs.  First,  the  liquid  nitrogen  trap  was  constructed  of  glass 
making  it  fragile  and  difficult  to  clean.  Second,  the  liquid 
nitrogen  evaporated  quickly  making  it  impossible  to  maintain  the 
trap  overnight.  A new  trap  system  was  constructed  consisting  of 
an  improved  liquid  nitrogen  trap  and  an  activated  charcoal  bed. 


The  automatic  pressure  regulation  system  was  improved. 

There  was  no  easy  means  for  disengaging  the  automatic  system 
while  working  inside  the  box.  Also,  the  pressure  reduction 
required  to  allow  easy  entry  into  the  box  was  awkward,  requiring 
resetting  of  the  pressure  limit  switches.  An  on/off  and  a 
manual  override  switch  to  reduce  the  box  pressure  were  installed. 
The  changes  made  the  dry  box  efficient,  safe,  and  convenient  to 
operate. 


SECTION  V 


LITHIUM/THIONYL  CHLORIDE  EXPOSURE  TESTS 

1.  PREPARATION  AND  CHARACTERIZATION  OF  FRESH 

THIONYL  CHLORIDE 

An  inert  distillation  apparatus  was  constructed  of  stan- 
dard glassware  and  standard  24/40  ground  glass  joints.  Each 
glass  fitting  was  assembled  to  the  main  distillation  appara- 
tus with  a teflon  sleeve.  A piece  of  freshly  cut  lithium  metal 
was  placed  in  the  boiling  flask  which  contained  approximately 
1000  ml  of  SOC^.  The  SOCl^  was  purchased  as  reagent 
grade  from  Baker  Chemicals.  Helium  was  continuously  purged 
into  the  distillation  apparatus  prior  to  and  during  distilla- 
tion of  the  SOC^.  The  temperature  of  the  distillation 
apparatus  was  kept  at  77. 9°C.  This  temperature  was  monitored 
with  a platinum  resistance  sensor  and  digital  readout.  The 
first  fraction  of  the  distillate  was  discarded.  The  next  200  ml 
was  captured  into  a ground  glass  flask  for  storage  in  a dry 
box. 

Aliquots  of  S0C12  were  taken  from  the  freshly  dis- 
tilled SOCI2  and  analyzed  with  gas  chromatograph  (GC ) Model 
No.  5730A.  Some  characteristics  of  the  GC  were:  Poropak  Q 
column,  a detector  .temperature  of  200°C,  injection  port  tempera- 
ture of  100  C,  an  initial  column  temperature  of  40  C,  and  a 
final  column  temperature  of  140°C.  The  column  programming  rate 
used  was  8 C/min.  Figure  10  illustrates  the  GC  trace  taken  of  the 
freshly  distilled  SOCI2  sample.  The  ordinate  is  given  in  the 
log  of  signal  current  and  the  abscissa  in  retention  time  (RT) 
in  minutes.  There  are  four  principal  regions  (A,  B,  C,  and  D)  of 
interest  in  the  Figure.  The  depression  noted  at  A is  simply 
due  to  the  injection  of  the  sample  into  the  column;  the  peak  at  B, 
RT  = 5.  3 min,  is  characteristic  of  pure  SOC^;  the  region 
C,  RT  = 12.4  minutes,  is  the  RT  where  HC1  would  appear;  and  the 
broad  band  at  D is  characteristic  of  decomposition  of  S0C12 
in  the  detector.  Measuring  the  area  of  C to  B,  one  can  roughly 
calculate  that  there  is  4%  HC1  remaining  in  SOC1. 
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Figure  10.  The  Gas  Chromatographic  Trace  of  Freshly  Distilled  SOC1 
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2.  INITIAL  Li/SOCl2  EXPOSURE  TESTS 

Freshly  cut  lithium  specimens  were  immersed  in  liquid 
S0C12  and  left  for  2 weeks.  Figure  11  illustrates  the 
scanning  electron  microscopic  (SEM)  images  which  were  taken 
at  (a)  300X,  (b)  1000X,  and  (c)  3000X  magnification.  One 
will  immediately  note  the  "mudcracking"  effect  where  the  fresh 
lithium  metal  surface  was  continuously  attacked  by  SOCl2. 

Energy  Dispersive  X-ray  Analysis  data  showed  more  sulfur  and 
less  chlorine  in  the  cracked  area  as  compared  to  the  surface 
of  the  lithium  specimen. 

3.  ADDITIONAL  L ITHIUM/THIONYL  CHLORIDE 

EXPOSURE  TESTS 

An  effort  was  made  by  the  Aero  Propulsion  Laboratory  to 
coordinate  experimental  efforts  between  the  University  of 
Dayton  and  GTE-Sylvania  Laboratories.  As  a result  the  dis- 
charged Li  anodes  to  be  analyzed  later  in  this  program  will 
be  supplied  by  GTE-Sylvania.  In  order  to  insure  that  data 
obtained  by  the  two  laboratories  can  be  latch:  correlated, 
a decision  was  made  to  obtain  all  future  Li  and  S0C12  sam- 
ples directly  from  GTE-Sylvania. 

Two  sets  of  lithium  metal  specimens  with  different  his- 
tories were  received  from  GTE-Sylvania.  The  samples  were 
in  ribbon  form,  approximately  0.  3 x 0. 5 x 6 cm  and  were  stored 
in  wax  sealed  glass  vials.  One  set  of  five  vials  had  been 
exposed  only  to  argon  while  the  other  five  had  been  stored  for  88 
hours  in  GTE ' s battery  assembly  room.  This  assembly  room  is 
known  to  have  a controlled  air  environment  of  less  than  2 percent 
relative  humidity.  Both  sets  of  lithium  samples  were  originally 
obtained  from  the  Foote  Mineral  Corporation. 
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Figure  11. 
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Freshly  distilled  S0C12  was  also  received  from  GTE- 

Sylvania.  The  S0C1_  was  originally  purchased  from  Mobay 

* 

Chemicals.  Analysis  by  GTE  had  shown  the  S0C12  to  contain 
less  than  30  ppm  of  water. 

Samples  from  both  sets  of  Li  as  well  as  the  GTE  S0C12 
were  introduced  to  the  helium  dry  box.  A new,  stainless  steel, 
single  edge  razor  blade  was  used  to  cut  several  small  (0.5  x 1 cm) 
Li  samples  from  the  as-received  ribbons.  These  were  then  placed 
three  each,  in  a series  of  four  Mobay  glass,  teflon  lined  screw 
cap  septum  vials.  Approximately  20  ml  of  S0C12  were  intro- 
duced into  two  of  the  vials  and  all  four  vials  were  then  capped. 
The  vials  were  stored  in  the  dry  box  for  70  hours  and  then  one  Li 
sample  was  removed  from  each  for  SEM  analysis. 

Li  samples  were  prepared  for  SEM  examination  as  follows: 
Individual  samples  were  mounted  on  one  inch  diameter  aluminum 
sample  mounts  using  a silver-containing  paint  as  a glue.  Sam- 
ples were  positioned  so  that  both  a cut  and  an  as-received  sur- 
face could  be  observed.  Samples  were  then  transferred  from  the 
dry  box  to  the  SEM  room  in  zip-lock  polyethylene  bags  so  as  to 
minimize  ambient  atmosphere  induced  sample  degradation. 

GTE-Sylvania  Laboratories  informed  UDRI  of  the  appearance 
of  nodular  black  spots  on  certain  Li  surfaces.  Subsequent 
analysis  by  GTE  indicated  the  black  nodules  contained  lithium 
nitride.  The  presence  of  black  nodules  was  confirmed  during 
subsequent  analysis  performed  at  UDRI  on  the  S0C12  exposed 
samples. 


Figure  12  illustrates  the  SEM  photographs  of  an  as- 
received  Li  surface  which  was  exposed  to  the  GTE  battery  assembly 
room.  Figures  12a,  12b,  and  12c  were  taken  at  magnifications  of 
100X,  300X,  and  3,000X  respectively.  Note  the  presence  of  dark 
spots.  The  spots  were  approximately  200  ym  in  diameter.  Of 
particular  interest  was  the  difference  in  the  surface  appearance 
across  the  interface  between  the  black  spot  and  surrounding 
surface  (Figure  12c).  The  spotted  area  was  much  smoother. 

Also  noted  was  the  presence  of  striations  (12a  and  12b)  which 
were  likely  formed  during  initial  sample  cutting  at  GTE. 

Figure  13  shows  the  SEM  photomicrographs  on  an  as-received 
Li  sample  that  had  been  exposed  only  to  the  argon  dry  box  at 
GTE-Sylvania.  Dark  spots  were  still  observable  but  were  reduced 
in  both  size  and  apparent  number  by  a factor  of  approximately 
four.  The  surface  textures  were  similar  to  those  observed  in 
Figure  12. 

Figures  14  and  15  show  SEM  scans  of  "freshly"  cut  Li 
surfaces  from  GTE  "assembly  room"  exposed  and  argon  dry  box 
exposed  samples  respectively.  Although  very  similar  in 

appearance,  the  argon  dry  box  exposed  sample  had  a slightly 
rougher  texture  than  the  assembly  room  sample.  As  expected, 
both  fresh-cut  samples  had  smoother  surface  textures  than  as- 
received  surfaces.  Of  significance  was  the  absence  of  any  dark 
spots  on  the  fresh-cut  surfaces. 

Figures  16  and  17  show  SEM  photomicrographs  of  freshly 
cut  Li  surfaces  exposed  to  SOCl^  for  70  hours.  Figure  16 
shows  the  argon  glove  box  sample  and  Figure  17  the  assembly 
room  exposed  sample.  Differences  are  apparent  including  the 
presence  of  black  spots  on  the  assembly  room  exposed  sample 
Figure  17c).  Explanations  of  these  figures,  especially  for 
the  black  spots  on  a fresh-cut  surface  are  not  possible  at 
this  time. 
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Figure  17.  SEM  Photomicrographs  of  a "Freshly  Cut"  Li  Metal  Surface  After 
70  Hours  Exposure  to  S0C12*  The  metal  had  originally  been 
exposed  to  the  GTE-Sylvania  battery  assembly  room. 


4.  AES  ANALYSIS  OF  BLACK  SPOTS 


An  intensive  effort  was  directed  toward  characteriza- 
tion of  several  small  black  spots  found  on  the  GTE-supplied  Li 
samples.  Initial  studies  were  concentrated  on  discovering 
differences  in  composition  between  the  spotted  and  nonspotted 
Li  surfaces. 

Li  samples  were  initially  prepared  by  cutting  with  a razor 
blade  inside  a plastic  glove  bag  attached  to  the  side  of  the 
AES  vacuum  chamber.  During  the  sample  cutting  and  loading 
process,  both  the  glove  bag  and  the  vacuum  system  were  con- 
tinually flushed  with  a fast  flowing  dry  nitrogen  gas.  The 
chamber  was  then  sealed  and  immediately  evacuated.  A whole 
series  of  samples  were  evaluated  including  freshcut  and  as- 
received  surfaces,  S0C12  exposed  surfaces,  and  spotted 
versus  nonspotted  areas. 


The  AES  spectra  were  difficult  to  interpret  due  to  the 
high  oxygen  levels.  Ion  sputtering  of  the  surfaces  did  not 
significantly  alter  the  oxygen  levels  indicating  the  presence 
of  a thick  oxide.  As  a result,  sample  charging  was  a continual 
problem. 

AES  spectra  for  as-received  non-sOCl2  exposed  Li  samples 
are  shown  in  Figures  18  and  19.  Consistent  chemical 

differences  between  the  spotted  and  non-spotted  areas  were  un- 
observable. Although  not  immersed  in  liquid  S0C12,  several 
of  the  as-received  Li  samples  showed  significant  amounts  of  Cl 
on  the  surface  (Figure  18).  This  was  probably  due  to  a reaction 
between  the  Li  and  S0C12  vapors  present  in  the  dry  box  during 
sample  cutting.  As  a result,  it  was  impossible  to  properly  char- 
acterize the  black  spots  on  either  the  as-received  or  the  liquid 
S0C12  exposed  Li  samples. 


Since  the  earlier  AES  work  on  mineral-oil-stored  Li  had 
resulted  in  good  Auger  spectra  with  low  oxygen  peaks,  a decision 
was  made  to  dip  subsequent  Li  samples  in  hexane  prior  to  loading 
into  the  AES  vacuum  chamber.  As  before,  samples  were  handled  in 
a nitrogen  gas  glove  bag  attached  to  the  chamber.  The  technique 
proved  successful  in  that  oxygen  peaks,  although  initially  strong, 
were  easily  reduced  by  ion  sputtering.  It  would  appear  the  hydro- 
carbon induced  formation  of  some  type  of  passive  film  which  retar- 
ded further  oxide  formation. 

An  as-received,  argon  stored  ribbon  sample  of  Li  was  exposed 
overnight  in  a test  tube  of  nitrogen  gas.  Within  12  hours,  black 
nodules  approximately  0.  3 cm  in  diameter  were  observed  randomly 
across  the  ribbon  surface.  Several  small  samples  were  then  cut 
from  the  ribbon  under  hexane  and  analyzed. 

AES  spectra  are  shown  in  Figure  20  and  21.  Figure  20  was 
taken  on  a spotted  region  and  Figure  21  on  a relatively  clean 
area.  Note  the  difference  in  the  nitrogen  peaks.  The  spotted 
area  appears  significantly  enriched  in  nitrogen.  This  would  tend 
to  confirm  GTE-Sylvania ' s analysis  of  the  spots  as  containing 
lithium  nitride. 

Future  efforts  will  be  directed  toward  preparation  of 
various  Li  surface  films,  possibly  even  black  spots  within  the 
AES  vacuum  and  will  allow  analysis  AES  during  surface  film  for- 
mation. 
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SECTION  VI 


GAS  MANIFOLD  SYSTEM 

The  gas  manifold  inlet  system  is  illustrated  in  Figure  22. 
The  manifold  contains  four  stainless  steel  cylinders,  connected 
in  parallel,  capable  of  storing  four  gases.  This  gas  handling 
system  will  allow  for  improved  efficiency  of  ESCA/AES  analysis 
in  the  study  of  "fresh"  lithium  surfaces  exposed  to  dry  oxygen, 
dry  nitrogen,  dry  carbon  dioxide,  and/or  water  vapor.  This 
system  will  also  allow  for  lithium  exposure  studies  to  both 
mixtures  and  sequences  of  gases,  such  as  a mixture  of  water 
and  oxygen,  or  exposure  to  dry  oxygen  followed  by  water  vapor. 
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Next  year's  studies  will  involve  the  interaction  of  "fresh" 
lithium  surfaces  with  the  components  of  the  environment,  02»  N2» 

C02,  and  H20  vapor.  Freshly  cut  lithium  specimens  will  be 
prepared  and  submitted  into  the  AES  vacuum  chamber  as  described  in 
Section  2 of  this  report.  Ion-etching  will  be  performed,  in  situ, 
in  the  AES  system,  in  order  to  create  a clean  lithium  surface.  This 
freshly  prepared  surface  will  then  be  exposed  to  known  doses  of  the 
environmental  gases,  both  singularly  and  mixed.  AES  data  will  be 
obtained  under  equilibrium  conditions,  in  order  to  ascertain  which 
gas(es)  chemisorb  to  lithium.  It  is  anticipated  that  an  understan- 
ding of  the  mechanism  of  atmospheric/lithium  passive  film  formation 
will  be  determined  from  the  above  information.  Studies  on  the  in- 
teraction of  this  environmental  film  with  liquid  and  gaseous  thionyl 
chloride  will  also  be  examined.  It  will  be  of  interest  to  note  the 
status  of  the  environmental  film  following  S0C12  exposure.  Is 
the  film  still  present  or  has  it  been  dissolved?  It  is  anticipated 
that  studies  will  be  initiated  on  the  nature  of  films  formed  on 
lithium  as  an  anode  material  in  open  cells,  with  and  without  the 
presence  of  electrolyte. 
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Newport,  RI  02840 

Naval  Underwater  Systems  Center 
Mr.  George  Perkons 
Code:  SB-331 
Newport,  RI  02840 

Deputy  Director  of  Chemical  Sciences 
Dr.  Denton  W.  Elliott 
Code  AFOSR/NC 
Bolling  AFB , Bldg.  410 
Washington,  DC  20332 

Rome  Air  Development  Center 
Mr.  Frank  J.  Mollura 
ATTN : Tugg 
Griff iss  AFB,  NY  13441 

U.S.  Energy  Research  & Development 
Administration 
Division  of  Energy  Storage 
Dr.  A.  Landgrebe 
Mail  Station  E-463 
Washington,  DC  20545 

NASA  Marshall  Space  Flight  Center 
Mr.  John  Morgan 

ATTN:  S&E-ASTR-EPE , Bldg.  4487 
Huntsville,  AL  35812 

Naval  Electronics  Command 
Mr.  A.H.  Sobel 
PME-124-31 

Washington,  DC  20360 
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Naval  Undersea  Center 
Mr.  J.F.  McCartney 
Code  251 

San  Diego,  CA  92132 

Naval  Weapons  Center 
Mr.  M.  Ritchie 
Code  5536 

China  Lake,  CA  93555 

NASA  Johnson  SC,  Code  EP-5 
Mr.  James  B.  Trout 
Houston,  TX  77058 

NASA  Goddard  Space  Flight  Center 
Mr.  Gerald  Halpert 
Code  711.2 

Greenbelt,  MD  20771 

NASA  Lewis  Research  Center  (M.S. 
Mr.  Harvey  J.  Schwartz 
21000  Brookpark  Road 
Cleveland,  OH  44135 

National  Science  Foundation 
Divison  of  Mathematical  and 
Physical  Sciences 
Chemistry  Section 
Dr.  Arthur  F.  Findeis 
Washington,  DC  20550 

Dr.  Richard  Schoen 
NSF/AERT , Room  401 
1800  G.  Street,  NW 
Washington,  DC  20550 

Mr.  Robert  C.  Hamilton 
IDA-Room  10,  9th  Floor 
400  Army-Navy  Drive 
Arlington,  VA  22202 

The  Aerospace  Corporation 
Mr.  Harrison  J.  Killian 
Mgr,  Power  Section 
P.0.  Box  92957 
Los  Angeles,  CA  90245 

Sandia  Labs,  Division  2522 
Kirtland  AFB,  East 
Mr.  Robert  D.  Wehrle 
P.0.  Box  580 
Albuquerque,  NM  87115 


Aerospace  Corporation 
ATTN:  Mr.  J.  Kettler 

P.O.  Box  95085 
Los  Angeles,  CA  90045 

Atomic  International 
ATTN : Library 
P.O.  Box  309 
Canoga  Park,  CA  91304 

Battelle  Memorial  Institute 
ATTN : Library 

505  King  Avenue 
Columbus,  OH  45201 

Bell  Helicopter  Company 

ATTN:  Richard  Henschel/Dept.  81 

P.O,  Box  482 

Fort  Worth,  TX  76101 

309-1) 

Bell  Telephone  Laboratories 
ATTN:  D.O.  Feder 
Madison,  NJ  07940 

Boeing  Company  - Wichita 
ATTN:  Jack  Dudley 
3801  S.  Oliver 
Wichita,  KS  67201 

Boeing  Company 
ATTN:  Mr.  Sid  Gross 
MS88-08 
P.O.  Box  3999 
Seattle,  WA  98124 

Boeing  Company,  Vertol  Division 
Mail  Stop  32-45 
P.O.  Box  16858 
Philadelphia,  PA  19142 

Bordon  Chemical  Company 
Central  Research  Laboratory 
P.O.  Box  9524 
Philadelphia,  PA  19124 

General  Electric  Company 
ATTN:  D.A.  McCauley 
P.O.  Box  2143  Kettering  Branch 
Dayton,  OH  45429 

Bright  Star  Industries 
ATTN:  Mr.  S.S.  Jaffe 
600  Getty  Avenue 
Clifton,  NJ  07015 
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Burgess  Battery  Company 
ATTN:  Dr.  H.J.  Strauss 
Foot  of  Exchange  Street 
Freeport,  IL  61032 

* Calvin  College 

Department  of  Chemistry 

ATTN:  Dr.  T.D.  Dirkse 

Grand  Rapids,  MI  49501 

t. 

% 

Catalyst  Research  Corporation 
ATTN:  Mr.  F.  Tepper 
6101  Falls  Road 
Baltimore,  MD  21209 

Chrysler  Defense  Engineering 
ATTN:  Don  Wagner/4240318 
25999  Lawrence  Avenue 
Centerline,  MI  48015 

Dartmouth  College 
ATTN:  Dr.  David  Ragone 
Dean,  Thayer  School  of  Engineering 
Hanover,  NH  03755 

McDonnell  Douglas  Aircraft  Company,  Inc 
Astropower  Laboratory 
ATTN:  Battery  Group 
2121  Campus  Drive 
Newport  Beach,  CA  02663 

Eagle-Picher  Company 
Electronic  Division 
Couples  Department 
ATTN:  Mr.  Rex  Erisman 
P . 0 . Box  47 
Joplin,  MI  64802 

Electric  Storage  Battery  Company 
Ray-O-Vac  Division 
ATTN:  Mr.  P.F.  Albert 
212  East  Washington  Avenue 
Madison,  WI  53703 

ESB  Inc. 

Automotive  Division 
P.0.  Box  6266 
Cleveland,  OH  44101 

Electric  Storage  Battery  Company 
Carl  F.  Norberg  Research  Center 
ATTN : Library 
19  W.  College  Avenue 
Yardley,  PA  19067 


Electrochimica  Corporation 
ATTN : Technical  Libary 
2485  Charleston  Road 
Mountain  View,  CA  94040 

Comsat  Laboratories 
ATTN:  Mr.  J.  Dunlop 
P.0.  Box  115 
Clarksburg,  MD  20734 

Fairchild  Hiller 

Sherman  Fairchild  Technology  Center 
ATTN:  Mr.  T.G.  Berry 
Fairchild  Drive 
Germantown,  MD  20767 

Dr.  Arthur  Fleischer 
466  South  Center 
Orange,  NJ  07050 

Ford  Motor  Company 
Research  and  Engineering  Center 
ATTN:  Dr.  J.V.  Petrocelli 
P.0.  Box  2053 
Dearborn,  MI  48121 

Trans  World  Airlines,  Inc. 

ATTN:  Mr.  H.G.  Keel 

Kansas  City  International  Airport 

Kansas  City,  MO  64153 

General  Dynamics 
Convair  Division 
Research  Library 
P.0.  Box  80986 
San  Diego,  CA  92138 

General  Electric  Company 
Research  and  Development  Center 
Chemical  Energy  Conversion 
ATTN:  Dr.  W.N.  Carson 
Schenectady,  NY  12301 

General  Electric  Company 
Battery  Business  Section 
P.0.  Box  114 
Gainesville,  FL  32601 

Dr.  Doulgas  N.  Bennion,  Associate  Prof 

School  of  Engineering  and  Applied  Science 

University  of  California 

Boelter  Hall  5532 

Los  Angeles,  CA  90024 
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EIC,  Inc. 

Department  Head  in  Electrochemistry 
Dr.  G.L.  Holleck 
55  Chapel  Street 
Newton,  MA  02158 

Marathon  Manufacturing  Company 
ATTN:  Mr.  L.  Belove 
P.O.  Box  8223 
Waco,  TX  76710 


General  Electric  Company 
Space  Division 
ATTN:  H.  Thierfelder 
RM  U-2407 
P.O.  Box  8555 
Philadelphia,  PA  19101 

Teledyne,  Inc. 

12525  Daphne  Avenue 
Hawthorne,  CA  90250 


North  American  Rockwell 
Los  Angeles  Division 
International  Airport 
Mail  Station  BF08 
Los  Angeles,  CA  90009 

North  American  Rockwell 
ATTN:  Jack  Frencho/Bldg . 6 
Dept.  071/Group  542 
4300  East  Fifth  Avenue 
Columbus,  OH  43216 

Hughes  Aircraft  Corporation 
Space  Systems  Division 
ATTN:  Mr.  E.  Levy,  Jr.,  366/522 
1920  E.  Imperial  Highway 
El  Segundo,  CA  90009 

Vought  Aeronatuic  Company 
ATTN:  Unit  2-51780 
P.O.  Box  6114 
Dallas,  TX  75222 

Xerox  Corporation 
Electro-Optical  Systems  Division 
300  North  Halstead  Street 
Pasadena,  CA  91107 

Yardney  Electric  Corporation 
ATTN:  Mr.  W.E.  Ryder 

82  Mechanic  Street 
Pawcatuck,  CT  02891 


TRW  Systems , Inc . 

ATTN:  Dr.  W.  Scott 
One  Space  Park 
Redondo  Beach,  CA  90278 

Union  Carbide  Corporation 
Battery  Products  Division 
ATTN : Technical  Library 
P.O.  Box  6056 
Cleveland,  OH  44104 

United  Aircraft  Corporation 
Sikorski  Division 
ATTN : Engineering  Library 
North  Main  Street 
Stratford,  CT  06602 

Western  Reserve  University 
Chemistry  Department 
ATTN:  Prof.  E.  Yeager 
Cleveland,  OH  44106 

Union  Carbide 
Parma  Research  Center 
P.O.  Box  6116 
Cleveland,  OH  44104 

Westinghouse  Electric  Corporation 
Research  and  Development  Center 
ATTN:  Dr.  A.  Langer 
Churchill  Borough 
Pittsburgh,  PA  15235 


Lockheed  Missile  and  Space  Company 
ATTN:  Dept.  6225,  Bldg.  151 
P.O.  Box  504 
Sunnyvale,  CA  94088 

Energy  Research  Corporation 
ATTN:  Mr.  Klein 
3 Great  Pasture  Road 
Danbury,  CT  06818 


Yardney  Electric  Corporation 
Power  Source  Division 
ATTN : Mr . J . Rhyne 
3850  Olive  Street 
Denver,  CO  80207 

General  Motors  Corporation 
Delco-Remy  Division 
ATTN:  Mr.  R.  Corbin 
Anderson,  IN  56001 
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General  Motors  Corporation 
Research  Laboratories 
General  Motors  Technical  Center 
ATTN:  Dr.  B.  Agruss 

Electrochemical  Laboratories 
12  Mile  and  Mound  Roads 
Warren,  MI  48090 

Globe-Union,  Inc. 

5757  North  Green  Bay  Avenue 
Milwaukee,  WI  53201 

Gould  Ionics,  Inc. 

ATTN:  Dr.  David  L.  Douglas 

P.0.  Box  3140 

St.  Paul,  MN  55165 

Gould-National  Batteries,  Inc. 
Industrial  Battery  Division 
1201  E.  First  National  Bank  Bldg. 
St.  Paul,  MN  55101 

Grumman  Aerospace  Corporation 
Department  553,  Plant  35 
ATTN:  Mr.  Stephan  J.  Gaston 
Bethpage,  NY  11714 

Gulton  Industries,  Inc. 

Engineered  Magnetics  Division 
13041  Cerise  Avenue 
Hawthorne,  CA  90250 

Paul  L.  Howard  and  Associates,  Inc. 
ATTN : Mr . P . Howard 
Millington,  MD  21651 

International  Lead  Zinc 
Research  Organization,  Inc. 

ATTN : Mr . Cook 
292  Madison  Avenue 
New  York,  NY  10017 

Kaweci  Berylco  Ind. 

ATTN:  Roy  Miller 

Boyertown,  PA  19512 

Foote  Mineral  Company 
Chemical  and  Minerals  Division 
ATTN:  Dr.  H.R.  Grady 
Route  100 
Exton,  PA  19341 


Jet  Propulsion  Laboratory 
ATTN:  Mr.  R.  Sam  Bogner/MS  Bl-1 
4800  Oak  Grove  Drive 
Pasadena,  CA  91103 

Arthur  D.  Little,  Inc. 

ATTN:  Dr.  Perry 
Acorn  Park 
Cambridge,  MA  02140 

Lockheed  Palo  Alto  Research  Laboratory 
ATTN:  Dr.  Littauer 
3251  Hanover  Street 
Palo  Alto,  CA  94304 

Mallory  Battery  Company 
ATTN:  Mr.  Steve  Angelovich 
60  Elm  Street 

North  Tarrytown,  NY  10591 

Robert  C.  Medford 
2032 

Materials  Lab 
Naval  Weapons  Station 
Yorktown,  VA  23491 

McGraw-Edison  Company 
Edison  Battery  Division 
P.0.  Box  28 
Bloomfield,  NJ  07003 

Dr.  J.T.  Maloy 
Dept,  of  Chemistry 
University  of  West  Virginia 
Morgantown,  WV  26506 

P.R.  Mallory  and  Company 
Laboratory  for  Physical  Sciences 
ATTN:  Dr.  P.  Bro 
Northwest  Industrial  Park 
Burlington,  MA  01803 

Martin  Company 

Baltimore  Division 

ATTN:  Mr.  J.  Smith  (Mail  #789) 

Baltimore,  MD  21203 

Martin  Marietta  Corporation 
Space  Power,  Mail  Stop  1620 
Electronics  Research  Department 
P.0.  Box  179 
Denver,  CO  80201 


Melpar  Inc. 

ATTN : Library 
3000  Arlington  Blvd. 

Falls  Church,  VA  22046 

McDonnell  Douglas  Corporation 
ATTN:  Engineering  Library 

P.O.  Box  516 
St.  Louis,  MI  63166 

McDonnell  Douglas  Company 
ATTN:  J.  Keyes  (M.S.  83) 

Bldg.  32,  3rd  Level 

P.O.  Box  516 

St.  Louis,  MI  63166 

McGraw-Edison  Company 
Thomas  A.  Edison  Industrial 
Battery  Division 
ATTN:  Mr.  P.F.  Greiger 
Bloomfield,  NJ  07703 

Motorola,  Inc. 

Communications  Division 
ATTN:  Dr.  R.C.  Shair 
8000  W.  Sunrise  Blvd. 

Ft.  Lauderdale,  FL  33313 

Northrup  Company 

ATTN:  Mr.  Lyons  (Org.  NR.  3440/32) 
3901  W.  Broadway 
Hawthorne,  CA  90250 


Power  Information  Center 
University  City  Science  Institute 
Room  2210 
3401  Market  Street 
Philadelphia,  PA  19104 

Radio  Corporation  of  America 
Astro  Electronics  Division 
ATTN:  Stephen  J.  Gaston 

P.O.  Box  800 
Princeton,  NJ  08540 

Ruben  Laboratories 
ATTN : Battery  Library 
271  North  Avenue 
New  Rochelle,  NY  10801 

Air  Force  Weapons  Laboratory 

ATTN : AR/Col . Lamberson 

Kirtland  AFB,  Albuquerque,  NM  87115 

Air  Force  Weapons  Laboratory 

ATTN:  LRL/Maj.  N.  Adams 

Kirtland  AFB,  Albuquerque,  NM  87115 

Commander  USAMICOM 

ATTN:  AMSMI-RX/Col.  Morrison 

Redstone  Arsenal,  AL  35809 

USA  Mobility  Equipment  R&D  Command 
ATTN : DRXFB-EA/L  Amstutz 
Ft.  Bevoir,  VA  22060 


Rockwell  International 
ATTN:  Engineering  Library 
Columbus,  OH  43216 


Rockwell  International 
Space  Division 
ATTN:  M.F.  Blaski 
12214  Lakewood  Blvd. 
Downey,  CA  90241 


Rockwell  Aviation 
Rocketdyne  Division 
ATTN : Library 
6633  Canoga  Park 
Canoga  Park,  CA  91304 


Aero  Neutronic  Ford  Corporation 

ATTN:  D.C.  Briggs 

Mail  Station  R26 

3939  Fabian  Way 

Palo  Alto,  CA  94303 


USA  Mobility  Equipment  R&D  Command 
ATTN:  DRXFB-EC/Dr . O'Sullivan 
Ft.  Belvoir,  VA  22060 


Commander  USAECOM 

Code  DRSEL-TL-P/M.  Sulkes 

Ft.  Monmouth,  NJ  07703 


NASA  Lewis  Research  Center 
ATTN:  Daniel  G.  Soltis 
21000  Brookpark  Road,  M.S.  309-1 
Cleveland,  OH  44135 


Newport  Laboratory 
Code  SB331/Bldg . 165 
ATTN:  Francis  G.  Murphy /J.  Moden 
Naval  Underwater  Systems  Center 
Newport,  RI  02840 
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Commander  Naval  Weapons  Support  Center  Power  Conversion  Inc. 

Code  305  ATTN:  Dr.  S.  Chodosh 

ATTN:  Don  G.  Miley  70  MacQuesten  Parkway  South 

Crane,  IN  47522  Mount  Vernon,  NY  10550 


Eureka  Advanced  Science  Corporation 
ATTN:  Mr.  L.  Bricker 
1201  E.  Bell  Street 
Bloomington,  IL  61701 


Ionics,  Inc. 

ATTN:  Wayne  A.  McRae 
65  Grove  Street 
Watertown,  MA  02172 


KDI  Score,  Inc. 

ATTN:  Mr.  A.  Olert 
P.0.  Box  335 
Cockeysville,  MD  21030 

Saft  American  Inc. 

ATTN : C . Mattere 
711  Industrial  Blvd. 

Valdosta,  GA  31601 

Dept,  of  Navy 

ATTN:  Mike  Stoiko 

Surface  Effect  Ship  Proj . (PM-17) 

P.0.  Box  34401 

Washington,  DC  20034 


Honeywell  Power 
Sources  Center 
104  Rock  Road 
ATTN : Library 

Horsham,  PA  19044 

The  Aerospace  Corporation 
Charles  Badcock 
P.O.  Box  92957  A6/2657 

Los  Angeles,  CA  90009 

Lynn  Marcoux 

Electrochemical  Consultant 
1631  Garland  Avenue 
Justin,  CA  92680 


Mare  Island  Naval  Shipyard 
Code  13472 

ATTN:  William  Harris 
Vallejo,  CA  94592 


David  Linden 

Electrochemical  Consultant 

78  Lovett  Avenue 

Little  Silver,  NJ  07739 


RAI  Research  Corporation 
ATTN:  Mr.  V.  D’Agostino 
225  Marcus  Blvd. 

Hauppauge,  L.I.,  NY  11787 

Hughes  Aircraft  Company 

Space  and  Communications  Group 

ATTN:  S.J.  Krause 

P.O.  Box  92919,  Airport  Station 

Los  Angeles,  CA  90009 

Boeing  Aerospace 

J.  Voss 

P.O.  Box  3999 

Organization  2-5190  M/S  88-08 
Seattle,  WA  98124 


Aerospace  Corporation 

ATTN : Frank  Hess 

Bldg.  A2  R. 2038 

2350  East  El  Segundo  Blvd. 

El  Segundo,  CA  90245 

General  Motors  Research  Labs 
GM  Technical  Center 
ATTN:  Ronald  G.  Gunther 

12  Mile  and  Mound  Roads 
Warren,  MI  48090 


GTE  Laboratories , Inc . 
%Ann  Hatsell 
Special  Projects  Office 
40  Sylvan  Road 
Waltham,  MA  02154 
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